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JNJRODUCTION 

The value o f  systems analysis and engineering i s  a p t l y  demonstrated by the 

work on Large Space Antennas (LSA) by the NASA Langley Spacecraft Analysis 

Branch. This work was accomplished over the l a s t  half-decade by augmenting 

t r a d i t i o n a l  system engineering, analysis, and conceptual design techniques 

w i t h  computer-aided engineering (CAE) techniques using the Langley-developed 

I n t e r a c t i v e  Design and Evaluation o f  Advanced Spacecraft (IDEAS) system. This  

repor t  chronic les the research h igh l i gh ts  and special  systems analyses t h a t  

focused the LSA work on deployable t russ antennas. 

trends toward greater use o f  t russ structures i n  other l a rge  space systems and 

toward greater use of CAE techniques i n  t h e i r  design and analysis. 

the fu tu re  envisions the appl icat ion o f  improved systems analysis c a p a b i l i t i e s  

t o  advanced space systems such cis an advanced technoloqy space s t a t i o n  or t o  

lunar  and Mart ian missions and human habi tats.  

I t  notes developmental 

A look t o  

HISTOR CCAL BACKGROUND 

For decades, LaRC has been the lead Center f o r  NASA i n  research on materials, 

structures,  and controls. The appl icat ion o f  l ightweight  composite mater ia ls 

t o  aeronaut ical  systems was quick ly  fol lowed by the development o f  composite 

ma te r ia l  s t r u t s  i n  various t russ  designs t o  form large l a t t i c e - t y p e  space 

structures.  The fur ther  development and appl icat ion o f  t h i s  new space 

s t ruc tu re  technology was fostered under the LaRC-managed Large Space 

Structures (LSS) and Large Space Systems Technoloqy (LSST) programs. 

S ign i f i can t  changes i n  philosophy and emphasis occurred wi th  the broadening o f  

the program f rom st ructures only t o  systems technology. A t  the same time, the 

Shu t t l e  was becoming a proven and usable system and computer-aided engineering 

was ushering i n  a new e m  o f  rap id  i n t e r a c t i v e  design and analysis o f  advanced 

space systems concepts. 

r e l a t i v e l y  f l imsy and generated a new area o f  technological concern--that o f  

c o n t r o l  o f  f l e x i b l e  s t ructures (COFS), which challenges both the avai lab le 

a n a l y t i c a l  methods and the systems engineers. 

Proposed structures were extremely large and 

New dimensions were added when the LSST program chose as i t s  focus Large Space 

Antennas (LSA) --dimensions such as large curved s t ructures (d ish)  and 
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prec is ion  r e f l e c t i n g  surfaces ( rad io  frequency mesh) (r.f.1. Also, packaging 

and stowage o f  the complete electromagnetic system i n  Shu t t l e  and 

k inemat ics lk inet ics ,  cont ro ls ,  and adjustments re la ted  t o  antenna deployment 

i n  space were new considerations. 

&t even wi th  the LSA focus, the evolut ionary path of l a rge  system development 

remained unfocused and requirements became nebulous. Temporarily, s i ze  

considerations were reduced (because of antenna accuracy and Shut t le  

accommodation constraints) ,  and new types of s t ructures which had only l i m i t e d  

a p p l i c a b i l i t y  t o  other types o f  la rge  space systems were ser ious ly  considered 

f o r  antennas. For example, concepts p r imar i l y  appl icable t o  antennas included 

the Hoop Column (HC 

s t a b i l i z e d  mesh supportinq s t ructure,  the Wrapped Radial Rib antenna--a 3PL- 

sponsored development o f  a stowable curved cant i lever  mesh supporting 

s t ructure,  and various i n f l a t a b l e  systems usinq meta l l i zed  membrane 

re f l ec to rs .  Furthermore, these concepts are exc lus ive ly  deployable; i.e. not 

amenable t o  assembly, erect ion,  or const ruct ion i n  space using stowed pa r t s  

and mater ia ls.  

antenna--a LaRC-sponsored development o f  a tension- 

I n  the evolutionary process, however, t russ-type s t ructures were thoroughly 

analyzed and have emerged as a compet i t ive "species." They are compet i t ive not 

on ly  f o r  deployable antennas, but also f o r  broad app l ica t ion  t o  a va r ie t y  o f  

beam, curved surface and plat form-type structures,  which can be desiqned f o r  

deployment or assembly o t  erection, or d combination thereof. 

HC antenna or the r a d i a l  r i b  antenna may be the f i r s t  flown, t russ  s t r u c t u r a l  

concepts wi th  the i r  broad a p p l i c a b i l i t y  are l i k e l y  t o  eventual ly emerqe as a 

prefer red s t ruc tu ra l  concept. 

So although the 

SPECIAL ANALYSES 

I t  is informative t o  review the CAE-type analyses and the associated t e s t i n q  

of l a rge  space deployable t russ  antennas performed by the Spacecraft Analysis 

Branch. These analyses and tes ts  inf luenced the evolut ionary path of the 

broad la rge  space s t ructures proqram j u s t  described and d i r e c t l y  affected 

t russ  antenna development. These analyses and trade studies are constrained 

t o  the conceptual l e v e l  of d e t a i l  t o  a l low a wide va r ie t y  o f  choices t o  be 
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reviewed i n  an ea r l y  comparative process. 

are sometimes required, they are general ly l i m i t e d  t o  tha t  necessary t o  v e r i f y  

the conceptual trades or t o  answer speci f ic  questions r e s u l t i n g  from the 

conceptual design comparisons. 

from s t r u c t u r a l  synthesis t o  complete system performance predic t ions are 

discussed i n  t h i s  section. Resulting research and developmental trends are 

discussed i n  the next section. Tetrdhedral and box t russ concepts are 

highl ighted, but analyses o f  competinq antenna concepts are also included. 

Althouqh de ta i l ed  design analyses 

F ive selected examples o f  analyses ranqing 

S t r u c t u r a l  Synthesis and Analysis--The s t a r t i n g  point  i s  the synthesis v i a  

f in i te-element modeling of the antenna’s basic s t r u c t u r a l  support system and 

the associated mesh t i e  system. 

Spacecraft (IDEAS) has an automated f ini te-element modelinq c a p a b i l i t y  usinq 

mathematical synthesizat ion t o  rap id ly  generate dishes o f  any size, shape, and 

s t r u c t u r a l  densi ty for  several classes o f  repeating structures.  The 

s t r u c t u r a l  classes ( te t rahedra l  truss, box truss, hoop and column, and r a d i a l  

r i b )  are shown i n  f i g u r e  1. From desiqner inputs  such as d i sh  diameter, 

number o f  bays, number of  r i b s  or cdble/mesh segments, f o c a l  length over 

diameter, d ish s t r u c t u r a l  depth, mater ia l  and sect ion propert ies, and hinge 

and mesh masses, the synthesizers rap id ly  create the f in i te-element model and 

ca l cu la te  the mass and i n e r t i a l  propert ies. The associated mesh-tie system i s  

a lso synthesized. 

f o r  one box t russ  section. 

I n t e r a c t i v e  Design and Evaluation o f  Advanced 

The inse t  i l l u s t r d t e s  the design f o r  a t y p i c a l  t i e  system 

Once the antenna s t r u c t u r a l  and mesh-tie model has been created, various types 

o f  s t r u c t u r a l  analysis can be performed. 

dynamic response t o  p red ic t i ng  the mater ia l  strenqths and element sect ion 

proper t ies necessary t o  maintain proper antenna shape under space operat ional  

condi t ions.  The in tegrated data base o f  IDEAS al lows the enqineer t o  t ransfer  

the answers found by one analysis d i r e c t l y  t o  subsequent analyses. For 

example, elemental temperatures obtained from a thermal analysis can be 

combined w i th  other environmental loads t o  determine the s t ress and s t r a i n  

l e v e l s  i n  each s t r u c t u r a l  element o f  d complex antenna structure.  This 

in format ion can be used t o  examine the e f f e c t s  on antenna surface accuracy and 

t o  redesign elements which f a l l  t o  meet the design requirements. 

Analyses range f rom examining the 
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Thermal Analysis--Large antenna precis ion surfaces must remain precise under 

poss ib ly  extreme thermal loading. Consequently, the  thermal behavior o f  the 

support s t ruc tu re  needs t o  be w e l l  understood. The Thermal Analyzer (TA) i n  

the  IDEAS software system takes advmtage o f  the  in tegrated data base and uses 

a few s imp l i f y i ng  engineering assumptions t o  give the  systems engineer the 

a b i l i t y  t o  qu ick ly  evalute the thermal charac ter is t i cs  o f  each s t r u c t u r a l  

con f igura t ion  under consideration. This analysis considers three thermal 

sources: so la r  rad iat ion,  Earth albedo, and Earth thermal rad iat ion.  I t  

includes the e f fec ts  o f  shadowing of the s t ruc tu re  by the antenna surface. 

The s i m p l i f y i n g  assumptions are (1) each s t r u c t u r a l  element i s  isothermal, 

, (2) r a d i a t i o n  exchanges between the elonqated s t r u c t u r a l  elements are 

neg l ig ib le ,  ( 3 )  s t r u c t u r a l  member t o  member shadowing i s  neg l ig ib le ,  and (4) 
inter-element conikiction is neg??g?b?e. 

heat ing r a t e  h i s t o r i e s  and the temperatures of  each element a t  spec i f ied  

l oca t i ons  i n  the o r b i t ,  temperature contours (see the example i n  f i g .  21, and 

temperature f i l e s  f o r  l a t e r  use i n  s t ruc tu ra l  loading analysis. 

Outputs fron! t h i s  dnolysis i n c l i d e  

By using t h i s  

8 0 7  

60- 

NUMBER 

MEMBERS 
OF 40 

20- 

(MAXIMUM MESH SHADOWING) 

- 

F i g u r e  2 .  - T r u s s  s u r f a c e  member 
t e m p e r a t u r e  c o n t o u r s  

POLAR ORBIT, EDGE HEATING 

FRONT SURFACE MEMBERS 

TEMPERATURE RANGE, K 
160-302 

4 -375 
-125 
B 375 

LOADS, N 

+ TENSION 
- COMPRESSION 

625 875 115 

F i g u r e  3 .  - G r a p h i t e  tetrahedral 
t r u s s  thermal loads 
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type o f  information, the designer can qu ick ly  assess the impact on the antenna 

surface o f  such items as s t r u c t u r a l  loading condi t ions (see the example i n  

f i g .  3) ,  choices i n  mater ia ls and thermal coatings, or even changes i n  mission 

designs. 

s t r u c t u r a l  design and a pre l iminary thermal design have been established, t h i s  

analys is  w i l l  help determine the worst case thermal condi t ions f o r  subsequent 

de ta i l ed  thermal analysis. 

Surface d i s t o r t i o n  r e s u l t s  are i l l u s t r a t e d  i n  f i g .  4. Once a 

CONTOUR LEVELS 

LABEL VALUE, cm 

Y. cm 

lOON DISH 

Figure 4. - Tetrahedral truss surface distortion 

Deployment--Although large s t r u c t u r a l  elements can be erected eas i i y  i n  space, 

assembly o f  the i n t r i c a t e  mesh-tie systems i n  space w i l l  be much more 

d i f f i c u l t .  

concentrate on preassembled and in tegrated mesh-tie and s t r u c t u r a l  support 

systems. 

Consequently, current la rge  space antenna development w i l l  

These can be packaged i n  the Shut t le  and deployed i n  space w i th  

n 
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m i n i m u m  or no requirement for erection and assembly. Stowed conf igurat ions o f  

antennas designed fo r  the Land Mobile S a t e l l i t e  Service (LMSS) communications 

missions are shown i n  f i g u r e  5. Research has been devoted t o  kinematic and 

STOWED CONf lCURAl lO~  

2.5m+ k- 2.4111 'I r- 
t-1.4m A 

TETRAHEDRAL RADIAL RIB 
TRUSS 

r 

445 N Actuator Force 

* O t  
I 1 I I I I 1 1 

0 1 2 3 4 5 6 7  
Toque Profile Actuator, T/Tr 

Figure 5. - Stowed configurations for LMSS antennas and deployment 
kinetics for the box truss design 

k i n e t i c  analysis o f  the deployment o f  large antennas, because during antenna 

deployment, the host spacecraft underqoes larqe changes i n  center o f  q r a v i t y  

and i n e r t i a .  Such changes may inf luence spacecraft s t a b i l i t y  and the c o n t r o l  

system design. Deployment k i n e t i c  data, possibly representat ive o f  sequent ia l  

deployment o f  the box truss-type antenna, are shown i n  the inset.  

t imes are p l o t t e d  as funct ions o f  the torque p r o f i l e .  

ending torque t o  accomplish complete latch-up, i nc lud ing  t i gh ten ing  o f  diagonal 

Deployment 

The p r o f i l e  has a l a rge  

7 



members and the mesh. Deployment times for one double bay t russ  s t ruc tu re  

ranged from about 100 t o  300 sec. 

antenna shown i n  f i g u r e  1 would deploy i n  about 5 t o  20 minutes. 

r a p i d  simultaneously deploying structures, such as the te t rahedra l  t russ,  i t  

i s  c r i t i c a l  t ha t  the k i n e t i c  behavior be f u l l y  understood. Unbalanced 

deployment and high stress bui ldup i n  the s t r u c t u r a l  members a t  latch-up can 

be major s t ruc tu ra l  design dr ivers.  

lead t o  undesirable dynamic behavior o f  the spacecraft. 

Under such condi t ions,  the box t r u s s  

For the 

Deployment induced v ib ra t i ons  may a lso 

f 

System Performance--A complete system performance analysis o f  the four antenna 

concepts f o r  the CMSS mission was performed. 

the various features and a t t r i b u t e s  o f  t h i s  class o f  large space antennas. 

I t  resul ted i n  a comparison o f  

Mass and s t r u c t u r a l  data f o r  the four s t r u c t u r a l  designs are summarized i n  

f i g u r e  6 .  

elements are shown. The s t r u c t u r a l  mass f o r  these concepts represents one- 

The conf igurat ions and dimensions o f  the candidate s t r u c t u r a l  

SPACE CRAFT TOTAL MAS 5 

4100 kg 4500 kg 5100 kg 

MAST 

=l 

qTRUCTURAL M M B E  RS 

I 1 

RADIA 
R I B  

RAHEDRAL 
TRUSS 

H 1 . h  

2.8m 

18 DOUBLE BAYS 

0.07cm 

HOOP AND 
COLUMN 

- 
BOX 

TRUSS 

4 2 BAYS 

8 BAYS 
X 

.c. .z.  

F i g u r e  6 .  - LMSS mass a n d  s t r u c t u r a l  data  

8 



s i x t h  t o  one-third the t o t a l  spacecraft mass. Further reductions i n  

s t r u c t u r a l  mass are important, but for s t r u c t u r a l  design considerations, 

strength, s t i f f ness ,  and performance cha rac te r i s t i cs  under environmental 

condi t ions (e.g., so lar  i n s o l a t i o n )  dnd operating loads (e.g., slewinq) are 

more important. These a f f e c t  the f i ne  geometric accuracies required by 

LSA's. Mass, strength, and s t i f f n e s s  a t t r i b u t e s  alon9 wi th deployment 

features are compared and ranked f o r  the four concepts i n  the f i r s t  four  

e n t r i e s  o f  t a b l e  1. 

~~ ~ ~ 

9. Packaging Volume (DishlMast) 111 2/2 2/1 211 

10. Subsystem Mounting Location 2 1 0 2 

Table 1. Comparison and rankings of LMSS concepts 

AJJHNE TETRAHEDRAL HOOP RADIAL BOX 
TRUSS COLUMN RIB TRUSS 

1. Mass i 2 i 2 i 2 i i l  

2. Structural Strength (lg, Launch, Orbii) 

3. Structural Stiffness (DishlMast) 

4. Deployment Ease 

2 2 1 2 

2/1 Ill 110 2/2 

0 2 2 2 

5. Dynamic Performance I 1  1 2 l o 1 2 1  

6. Stability Figure Control 

7. Mfg. Tolerances (LengthlRotation) 

2 1 1 2 

1 12 2/2 2/1 1R 

8. Part Count Complexity I 1  1 1 1 2 1 1 1  

_ _ _ _ _ _ _ ~ ~  _____ 

11. Universal Applicability of Structure 

12. Figure Reshaping on Orbii 

~~ ~ ~~ 

2 0 0 2 

0 0 0 0 

Dynamic response t o  ant ic ipated LSA slewing maneuvers i s  summarized i n  Table 2 

i n  terms o f  tolerances of f ou r  geometric deviat ions. 

s t a b i l i t y  o f  the feed-dish geometry, represented by tolerance l i m i t s  for  

angular rocking and decenter, may be a p o t e n t i a l  problem f o r  a l l  but  the box 

t russ  concept. 

feed mast and i t s  r e l a t i v e l y  high modal frequencies. 

Dimensional and dynamic 

I t s  s t a b i l i t y  is derived f rom the s t r u c t u r a l  s t i f f n e s s  of i t s  

The other antenna 
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concepts need t o  be redesigned t o  s t i f f e n  t h e i r  feed masts. 

shape and smoothness, represented by tolerance l i m i t s  f o r  defocus and 

roughness, stay within tolerance under slewing loads f o r  three o f  the 

concepts. The r a d i a l  r i b  concept requires some redesign. Any redesigns t o  

meet dynamic response requirements w i l l  impose some mass penalty. 

Dish surface 

ANGULAR ROCKING DECENTER DEFOCUS 

Table 2. Antenna concepts dynamic response performance 

SURFACE ROUGHNESS 

Tetrahedral Truss 1 0 2 2 

Radial Rib 0 2 0 2 

Tolerances: 0 - Outside, 1 - Within After Settling Time, 2 - Within During Manewer 
I 

The data on dynamic response t o  slewing maneuvers and other aspects o f  dynamic 

performance were compared and rated f o r  the four  concepts. 

r a t i n g s  are the f i f t h  ent ry  i n  Table 1. 

a t t r i b u t e s  complete the summary o f  the LMSS system performance. 

comparative analysis ind icates advantaqes f o r  each antenna concept. The t russ  

concepts, i n  pa r t i cu la r ,  appear t o  have special  advantages f o r  prec is ion 

antennas (e.g., a t t r i b u t e s  3 and 6 )  and f o r  large spacecraft systems (e.g., 

a t t r i b u t e s  10 and 11). The llproof o f  the puddinq" f o r  antennas, however, i s  

i n  the r.f. performance which r e s u l t s  from accurate surface Shape and 

smoothness and ove ra l l  s t r u c t u r a l  and mesh t i e  accuracy and dimensional 

s t a b i l i t y  ( a t t r i b u t e s  6 and 7). I n  t h i s  regard, the hoop column and t russ  

concepts appear t o  r a t e  extremely hiqh. 

test ing.  

These combined 

The r e s u l t s  f o r  seven other 

This 

This i s  beinq v e r i f i e d  cu r ren t l y  by 

- Model Test Performance--!-SA models i n  the 5-m r.f. aperture c lass have been or 
are being b u i l t  using the hoop column, te t rahedra l  t russ,  and box t russ  

concepts. The f i r s t  two have already been tested f o r  deployment, r e f l e c t i n g  

surface shape dnd smoothness, and r . f .  performance i n  the near- f ie ld  t e s t  

f a c i l i t y  a t  Mart in Mariet ta Aerospace Corporation, Denver, Colorado. The SAB 

analysis r o l e  i n  these model t e s t s  i s  t o  ( 1 )  guide the desiqn and fab r i ca t i on  

o f  a box t russ  model comparable t o  those concept models already tested, 

10 



(2) p red ic t  dish-feed geometry, d ish surface smoothness and antenna r.f. 

performance, and compare each model's t e s t  data wi th i t s  predicted resul ts ,  

and ( 3 )  analyze and evaluate the resu l t s  o f  model t e s t s  o f  each CSA concept i n  

terms o f  strengths and weaknesses of the design, requirements f o r  f l i g h t  

test ing,  and operat ional  po ten t i a l .  Some model t e s t  r e s u l t s  and t h e i r  

s ign i f i cance  i n  terms of developmental trends are given i n  the fol lowing 

section. 

DEVELOPMENTAL TRENDS 

Trends r e s u l t i n g  from the analysis o f  LSA concepts are noted here by selected 

examples. Related trends f o r  l a rge  space systems i n  general are noted also. 

S t i f f n e s s  and Controls--The most important r e s u l t  o f  recent analyses has been 

t o  show tha t  several s t r u c t u r a l  designs are feas ib le  and p r a c t i c a l  f o r  

antennas i n  the 30 t o  150-m s ize range. With proper feed mast design, these 

antenna st ructures w i l l  be s t i f f  enough t o  provide the required dimensional 

and dynamic s t a b l l i t y  without the need for complex con t ro l  systems, and the 

cost should be r e l a t i v e l y  low as shown i n  f i g u r e  7. This r e s u l t  should not 

b lun t  the "research" trend toward understanding the con t ro l  o f  f l e x i b l e  

structures.  I t  should, however, make la rge  space system desiqners and 

developmental managers more keenly aware o f  the p r a c t i c a l  "developmental" 

trend toward creat ing s t i f f  truss-type s t ructures i n  the several-hundred meter 

s i ze  c lass t o  avoid the complexity and cost o f  v i b r a t i o n  contro l .  

Low cost 

c 
Q) 
0 
0 
ab 
% 

X 
0)  

c .- 
- 
E" 
0 
0 

Stiff - Structural Stiffness -Flexible 

F i g u r e  7 .  - S t r u c t u r a l  s t i f f n e s s  v e r s u s  complexi ty  and cost  

11 



Mesh Management and Modularity--The second most important result from recent 
analyses and model tests of the hoop column and tetrahedral truss concepts is 
that antenna dish surface and dish-feed geometric anomalies can be detected 
easily and their causes pinpointed. Furthermore, positioning the feed and 
practical adjustments in the mesh-tie system can be made in the lab, and 
possibly in flight, to correct these anomalies. For example, a new procedure 
for adjusting the hoop-column antenna is illustrated in figure 8 with data 
taken during the 15-m model near-field tests described earlier. 
similar procedures are being refined under a new Control Structures 
Electromagnetic Interacti,on program. 
structural and mesh-tie adjustments (and from successful deployment tests) 
toward practical management of the delicate mesh reflector. 
beinq set by the box truss mesh-tie system toward individual box modularity 

This and 

A trend is developing from successful 

If the trend 

continues, the 
of deployment, 

door will be opened for putting LSA's in space by a combination 
assembly, and erection as opposed to deployment only. 

Original measured RMS New predicted RMS New measured RMS 
Full Effective Full Effective Full Effective 

Quad Surface Surface Surface S urface Surface Surface 
A 0.144 0.120 0.106 0.072 0,106 0.075 
B 0.133 u. 107 0.518 0.Cm 6. i i i  O.G.0 
C 0.153 0.142 0.118 0.097 0.117 0.094 
D 0.159 0.132 0.084 0.062 0.082 0.061 

Figure is Courtesy of: 
W.K. Belvin,  SSD 
LaRC 

F i g u r e  8 .  - N e w  p r o c e d u r e  f o r  improving  a n t e n n a  s u r f a c e  a c c u r a c y  
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Deployment--Analyses and tes ts  have shown tha t  a l l  o f  the various LSA concepts 

can be successful ly deployed through many stow-deploy cycles whi le  maintaining 

the  s t r u c t u r a l  i n t e g r i t y  and accuracy. Analysis o f  the kinematics and 

k i n e t i c s  of deployment continues. I t shows slow, sequential, con t ro l l ed  

deployment as the leas t  s t ress ing and most r e l i a b l e  approach (see f i g .  5). 

The box type i s  cu r ren t l y  the only t russ  s t ruc tu re  tha t  can be folded i n  two 

dimensions and then sequent ia l ly  deployed. 

Jo in t  Freeplay and Manufacturing Tolerances--For the s t i f f  t russ  structures,  

t he  worrisome problem o f  manufacturing tolerances and associated j o i n t  

f reeplay causing dimensional inaccuracy, v i b r a t i o n  contro l ,  and element 

f a i l u r e  problems appears t o  be less severe than predicted e a r l i e r .  Mode 

shapes, frequencies, and modal damping coe f f i c i en ts  are sens i t i ve  t o  the 

amount o f  freeplay, and some freeplay may be required t o  permit smooth 

deployment. Knowledge of  these freeplay s e n s i t i v i t i e s  and requirements i s  

needed t o  balance freeplay speci f icat ions,  manufacturinq tolerances, and 

product ion costs f o r  good t russ s t ructure designs. 

t es ts  on box t russ  s t ruc tu res  ind icate tha t  tensioninq diagonals ( i l l u s t r a t e d  

i n  f i g .  9 )  are use fu l  i n  con t ro l l i ng  f reeplay and i n  making the s t ruc tu re  

dynamically predictable.  Indeed, the t rend toward tensioning diaqonals and 

dimensional adjustment techniques looks l i k e  i t  may solve the f reeplay pro%lem 

f o r  many la rge  space s t ructures with only a small penal ty i n  added complexity. 

SAB-sponsored analyses and 

Exterior 

Midlin k 

Figure 9. - Box truss with diagonal tensioning members 
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Size and Mass--Trends discerned i n  the analyses o f  large r e f l e c t i n g  systems 

regarding s i z e  and mass are i l l u s t r a t e d  i n  f igure 10. 

r e f l e c t o r s  f a l l  i n  between two types of membrane ref lectors :  

w i t h  f l e x i b l e  r e f  l e c t o r s  o f  polymer material,  and (2) precis ion-structure- 

backed r e f l e c t o r s  o f  m e t a l l i c  or glass mater ia l .  

Note t h a t  mesh 

(1) i n f l a t a b l e s  

These two types o f  

- 

- 

- 0 One Shuttle Flight Limits 

100,000 

30,000 

10,000 

3000 

Mass,kg 1000 

300 

100 

30 

10 

3 

Diameter, m 

Figure 1 0 .  - Large r e f l e c t i n g  an tenna  size and mass t r e n d s  

r e f l e c t o r s  may be used f o r  r e l a t i v e l y  non-precision microwave and prec is ion 

in f ra red  appl?caticns, respect ively.  The mesh r e f l e c t o r s  i n  comDarison have 

the degree o f  precis ion required by many microwave communication and 

radiometr ic appl icat ions. 

deployable or erectable (or a combination). 

deployable types ind icates b e t t e r  mass/diameter slopes f o r  t russ  s t ructures 

than for the hoop column or r d d i a l  r i b  structures,  but since the i n i t i a l  t r uss  

s t ruc tu re  mass is higher, the mass benef i t  does not manifest i t s e l f  u n t i l  

diameters exceed 100 m. S im i la r l y ,  erectable t russ  structures show mass 

benef i ts a t  diameters exceeding approximately 150 m and f o r  payloads requ i r i ng  

They are mounted on structures which are e i t h e r  

SA6 analysis o f  the four mesh 
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more than a s ing le  Shut t le  f l i g h t .  

and other a t t r a c t i v e  features o f  t russ systems, made acutely obvious by the  

various LSA and Space Stat ion design and analysis a c t i v i t i e s  by SAB, are 

l i s t e d  i n  Table 3. 

This a p p l i c a b i l i t y  t o  very large systems 

~~ ~~ ~~ 

Very Large Erectable Modular Systems 

Fundamentally Stiff, Strong, and Easy to Control 

Beams, Planar Structures, and Dishes 

~ Structurally Redundant 

Mounting Flexibility 

Easy to Model and Analyze 

Table 3. Truss Applicability 

Analysis and Testing--The trend i s  accelerat ing toward ana ly t i ca l  modeling and 

analysis becoming a f u l l  partner i n  any ground-based or f l i g h t  t es t i ng  

program. 

using d i f f e r e n t  designs and d i f ferent  t es t  f a c i l i t i e s ,  and i n  some cases, 

obviates the need f o r  re f ined testing. 

t o l e r a t e  tes ts  i n  Earth 's 1 g, one atmosphere environment, accurate modeling 

Good modeling enables quant i ta t ive comparison of  tes ts  conducted 

For la rge s t ructures that  w i l l  not 

i s  even more important f o r  the test ing which can only be done i n  space. 

example, a r e l a t i v e l y  simple f l i g h t  test  o f  Scaled Truss Antenna Structures 

(STAS) was modeled and analyzed by SAB using the Space Technology Experiment 

For 

Platform (STEP) on the Shut t le  (see f ig .  11). 

Analysis, as a partner i n  f l i g h t  test ing, 

i s  p a r t i c u l a r l y  needed when f l i q h t  models 

are large, extremely expensive, 

mu l t i d i sc ip l i na ry  f reef lyers .  

Capabi l i ty  t o  analyze both the 

design and the "as-bui l t "  f l i g h t  

a r t i c l e  is also a must i n  

order t o  va l idate the technology 

and read i l y  demonstrate i t s  

15-METER 

readiness f o r  space f l i q h t .  2.7 m WIDE 
2.9 m LONG 

Figure 11. - Launch c o n f i g u r a t i o n  of 
STAS mounted t o  STEP 
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THE CASE FOR SPACE SYSTEMS ANALYSIS 

A COOK TO THE FUTURE 

T h i s  p o r t r a y a l  of l a r g e  s p a c e  d e p l o y a b l e  t r u s s  a n t e n n a  development  

d e m o n s t r a t e s  the v a l u e  of d r a p i d ,  h i g h  q u a l i t y ,  compute r - a ided  s y n t h e s i s ,  

a n a l y s i s ,  and c o n c e p t u a l  d e s i g n  c a p a b i l i t y  a p p l i e d  t o  l a r g e  s p a c e  s y s t e m s  

r e s e a r c h  and development .  I t  a l so  o r e d i c t s  a long- t e rm p o t e n t i a l  f o r  t r u s s -  

t y p e  s p a c e  s t r u c t u r e s .  

It is i n e v i t a b l e  t h a t  f u t u r e  u p d a t e s  and improvements  i n  t h e  a n a l y s i s  

c a p a b i l i t y  w i l l  b e  n e c e s s a r y .  T h i s  e x t e n d e d  c a p a b i l i t y  w i l l  b e  used  i n  

c o n c e p t u a l  s t u d i e s ,  i n  p r e l i m i n a r y  d e s i g n s  of l a r g e  t r u s s  s y s t e m s ,  and i n  

s u p p o r t  of d e s i q n  v a l i d a t i n g  f l i q h t  tests. A l r e a d y  t a s k s  are b e i n g  d e f i n e d  

for  a n a l y s i s  s u p p o r t i n g  LSA f l i g h t  d e m o n s t r a t i o n s  and for comprehens ive  

a n a l y s i s  o f  Space  S t a t i o n  c o n c e p t s .  Space  S t a t i o n  a n a l y s i s  w i l l  a d d r e s s  

e x p e r i m e n t s  t o  measure  t h e  "as b u i l t "  s t a t i o n  pe r fo rmance  and v e r i f y  t h e  

t e c h n o l o g i e s  a p p l i e d .  I n  a d d i t i o n ,  a n a l y s i s  may a d d r e s s  m i s s i o n  r e q u i r e m e n t s ,  

e n g i n e e r i n g  c o n s t r a i n t s ,  and t h e  a s s o c i a t e d  advanced subsys t em t e c h n o l o g i e s  

for  o p e r a t i o n  i n  low E a r t h  and h i q h e r  o r b i t s .  

A f u r t h e r  look i n t o .  t h e  f u t u r e  p i c t u r e s  t h e  a n a l y s i s  c a p a b i l i t y  b e i n g  a p p l i e d  

t o  r e s e a r c h ,  t echno logy ,  and development  a c t i v i t i e s  r e l a t e d  t o  e s t a b l i s h i n g  

humdn h a b i t a t s  on t h e  Moon and Mars i n t o  t h e  2 1 s t  Cen tu ry .  
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